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MARYSVILLE LAKE PROJECT FAULT EVALUATION STUDY
SACRAMENTO DISTRICT, US ARMY CORPS OF ENGINEERS

1. Introduction. - The occurrence of the 1 August 1975 earthquake with its
epicenter just south of Oroville (Richter magnitude 5.7) changed the general
assessment of seismic risk in the northern Sierra Nevada foothill area and
generated several studies by state and federal agencies. Prior to the
Oroville earthquake, geologists and seismologists generally felt that sig-
nificant earthquakes that might affect the western Sierra Nevada foothill
area would originate from distant sources. Historically, moderate to
strong earthquakes have originated from sources to the east or west except
for one in the northern part of the Sierra Nevada foothills. There are no
other historical data or other evidence to suggest that fault structures

* known to be present were capable of generating significant seismic activity.
The Foothills Fault System and a probable associated regional shear zone
that passes through the project area were considered to be long-dead
structures with the exception of the northern end which presumably had
generated the one nearby moderate earthquake. Surface ruptures associated
with the 1975 earthquake and subsequent after-shocks are in alignment with
a prominent linear topographic trend, the Swain Ravine lineament, that
projects southeastward through the Dry Creek-Parks Bar area. This suggests
the possibility that seismic activity could migrate southward from the
Oroville area and have a greater effect on the Marysville project than had
previously been thought possible.

2. Location of the study. - The overall study covered approximately a 3
to 10 mile wide by 45 mile long area along the western Sierra Nevada foot-
hills between Lincoln and Oroville (General Location and Fault Map). The
study was concentrated in the present Marysville project area which includes

* the Afterbay, Dry Creek, and Yuba River (at Parks Bar) Damsites located
about 13 to 17 miles east of Marysville. The project area is shown on
geologic map, Plate III.

3. The purpose of the study was threefold: (a) To determine if there
had been any surface cracking or faulting within the project area related
to the Oroville earthquake sequence, (b) to investigate structures asso-
ciated with the Swain Ravine and other lineaments and to determine the
relationship between them and the 1975 faulting that occurred on the
Cleveland Hill fault, and (c) to determine if there has been recent
seismic activity within the project area. The study included a compre-
hensive review of geological reports and maps of the region, the use of
data from interpretation of vertical and low-sun-angle aerial photographs,
sidelooking airborne radar (SLAR) and Earth Resources Technology Satelite
(ERTS) imagery, the compilation of data collected by other agencies
investigating the Oroville earthquake and regional tectonics, recon-
naissance geological field mapping throughout the regional shear zone,
detailed mapping in the project area and subsurface exploration of the
Swain Ravine lineament by trenching.



4. Regional geology. - The project area is located in the northern part
of the Western Sierra Nevada Metamorphic Belt. The entire belt, approx-
imately 20-40 miles wide and 180 miles long, consists of a series of
northwest trending assemblages of metamorphosed Paleozoic and Mesozoic
volcanic and sedimentary rocks which have been intruded by Mesozoic
igneous bodies. Locally, this basement complex is unconformably over-
lain by erosional remnants of a formerly extensive capping of Tertiary
volcanic rocks and Tertiary and Quaternary sedimentary deposits. Similar
rock types occur throughout the study area, which is shown on the General
Location and Fault Map and Plates I to V.

The foothills area is structurally complex and has been subjected to
varying degrees of folding, shearing, and faulting, most of which appar-
ently occurred at the close of the Jurassic Period (Clark, 1964, 1976).
The dominant structural feature of the area is a wide regional shear
zone which may be a northern extension of the Bear Mountain Fault Zone.
The more recent geologic and fault maps do not show the shear zone
boundaries and have replaced the entire zone with a single, long fault
line (Jennings, 1973; Clark, 1976) approximating the location of the
Prairie Creek lineament which is described in Section 7, Areal geology.
The relationship between the shear zone and the Bear Mountain Fault
Zone is not well understood, but the two features appear to be different
in nature. On the Geologic Map of California (Burnet and Jennings,
1962; Strand and Koenig, 1965) the two zones are separated by the Rocklin
Pluton, which is a large body of intrusive igneous rock of Cretaceous
age. The faults of the Western Metamorphic Belt have been variously
interpreted within the concept of global plate tectonics as representing
sutures or plate boundaries formed during plate convergence and subduction
during Jurassic time, or that the regional shear zone represents a
melange separating relatively undeformed volcanics to the west from
pillow basalt, dike complex, and intrusive rock of the Smartville
ophiolite sequence to the east (Cady, Moores, and Schweickert and Cowan,
1975 - in Woodward-Clyde Consultants, April 1976). Duffield and Sharp 0
(1975) have re-interpreted similar rocks to the south, in Amador County,
as being part of a melange with a limited degree of internal order
representing a subduction zone in which subhorizontal faulting occurred
at a continental margin before the strata were tilted to their present
steeply dipping position during the Nevadan orogeny. The melange may
mark the locus of convergence between an oceanic plate that abuts and
plunges beneath a continental margin.

5. Regional tectonics. - Historically, active faults with large earth-
quake motions significant to the project area have been related to the
San Andreas Fault System to the west, the Midland Fault Zone on the
west side of the Great Valley, the Sierra Nevada Frontal Fault System
to the east or possibly from one of the many faults in the Basin and
Range Province of Nevada (Woodward-Lundgren & Associates, 1975). The
major fault systems are shown on the General Location and Fault Map.
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Prior to the Oroville earthquake, there was no evidence to suggest that
the regional shear zone or any of the faults in the Foothills Fault System
was a source of significant earthquakes or surface faulting (Woodward-
Clyde Consultants, April 1976). The major structure of the Western Sierra
Nevada Metamorphic Belt is the Foothills Fault System (Clark 1960, 1964)
which consists of two main components, the Melones Fault Zone to the east
and the Bear Mountain Fault Zone to the west. The regional shear zone
in the project area is on the same northwest trend as the Bear Mountain
Fault Zone south of the'Cosumnes River.

6. Seismicity. - The epicenter for the Oroville earthquake on 1 August
1975 was located about 5-1/2 miles south of Oroville and just east of
Palermo. Its location is at the center of the line between Sections 4
and 9, T. 18N., R. 4E., on the USGS Palermo, California 7-1/2 minute

* quadrangle map, 1970 (Plate IV). The epicenter was about 17 miles
northwest from the Afterbay Damsite and 18-1/2 miles northwest from the
Parks Bar Damsite. Ground cracks were found at several localities follow-
ing the earthquake and aftershocks. Some were interpreted as having
developed due to differential settlement caused by shaking. Others, such
as the Cleveland Hill crack zone, are a result of the displacement along
a pre-existing bedrock fault referred to as the Cleveland Hill fault.
The crack zone is about 4 miles due east of the epicenter and consists
of a pattern of well-developed en echelon, left-stepping fractures about
1-1/2 miles long (Plates IV and V). Offsets on the cracks indicate an
oblique slip fault with normal and right lateral slip components of
displacement presumably resulting from east-west crustal extension.
There was a maximum of 1-1/2 to 2 inches of vertical and 1 to 1-1/2
inches of right lateral displacement (Hart and Rapp, 1975). Two other
crack zones referred to as the Mission Olive crack zones, were dis-
covered just north of the Cleveland Hill crack zone (Plates IV and V).
They are roughly parallel, about 1,300 feet apart, and trend about due
north for nearly 2 miles. They are similar to the Cleveland Hill cracks
but are not as continuous (Akers and McQuilkin, 1975). Another area of
numerous scattered ground cracks in unconsolidated sediments south of
Palermo was named the Palermo crack zone (Plate IV). Aftershock hypo-
centers and focal depths indicate normal faulting, downdropped on the
west side along a northwest-southeast trending fault dipping about 600
to 620 westward (Lester, Bufe, Lahr, and Stewart, 1975). According to
Akers and McQuilkin (1975) the Cleveland Hill fault is probably the
fault or one of the faults in a complex north trending zone of faults
which are directly related to the Oroville earthquake sequence.

Until 1975, historical earthquakes in the surrounding area have not been
accurately located because there was a lack of identified Quaternary
faults, there was no clear association of earthquakes with mapped faults,
and no surface ruptures were observed (Woodward-Clyde Consultants,
April 1976). The closest significant historical earthquake was the
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magnitude 5.7 earthquake on 8 February 1940, which originated about 50
miles north-northwest of the project area. The most significant earth-
quake from a more distant source was the magnitude 8.3 San Francisco
earthquake of 18 April 1906 on the San Andreas Fault System. Its
epicenter was approximately 115 miles southwest from the project area.
The closest moderate-size earthquake occurred in the northern part of
the Sierra Nevada Frontal Fault System which is located east of the
Foothills Fault System and defines the eastern boundary of the Sierra
Nevada structural block. That was the magnitude 6.3 Truckee earthquake
on 12 September 1966. It reportedly was on the Russel Valley fault
located about 65 miles east-northeast of the project area (Woodward-
Lundgren and Associates, 1975). See the General Location and Fault
Map.

The Oroville earthquake made it necessary to consider local earthquakes
as well as strong distant sources in estimating the magnitude and recur-
rence interval for earthquakes that could affect the project. The dis-
tances between the project sites and strong distant earthquake sources
would significantly attenuate seismic waves. The sparse historic record
shows that only two moderate earthquakes have occurred within the northern
region of the Foothills Fault System during the last 150 years, in 1940
and 1975.

According to Cramer and Taylor (California'Division of Mines and Geology,
27-28 January 1977, personal communication) five portable microearthquake
recording systems (seismographs capable of detecting earthquakes smaller
than magnitude 3.0) recorded several events (ML 3.0) from August to
4 September 1976 in the Lincoln-Auburn-Rosevil e area. Among those
events were two pockets of 4 and 17 events recorded within the Rocklin
Pluton, and two epicenters in the Marysville project area. In the
project area the epicenters were plotted about 1 and 2 miles east of
the Yuba River Damsite. The closest one, located inside Timbuctoo Bend
had a magnitude of 1.0 and occurred at 1830 hours on 20 August 1976.
The other, to the northeast across the Yuba River on Buzzard Peak, had
a magnitude of 0.75 and occurred at 1100 hours on 2 September 1976.
There was good north-south control for locating these epicenters but
the east-west component could be about 3 miles off due to lack of
seismograph stations in the area. The focal depths were estimated to
be less than 6 miles (10 km).

In addition, three earlier instrumentally located epicenters plotted
by several US Geological Survey permanent seismograph stations are
located along the western margin of the foothills to the north and south
of the Yuba River. Two of them are 9-1/2 and 10 miles northwest of the
Yuba River Damsite. One in December 1975, had a magnitude of 0.7 and
the other in early January 1976, had a magnitude of 1.3. Both were
reported to be about 11 miles (18 km) in depth. The third epicenter
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was about 6-1/4 miles south-southeast from the Yuba River Damsite. The
earthquake occurred in May 1976, had a magnitude of 1.1 and a focal depth
of about 9 miles (15 km). The seismologists checked these events against
records for the Emma Scott quarry, located just east of Parks Bar bridge,
and determined that no blasting was done at those times. These are very
minor events and with the sensitive instruments used, similar events
probably could be recorded very often throughout the foothills, espe-
cially over the Rocklin Pluton.

Methods for estimating probability of earthquake recurrence and likely
ground motion intensities that could occur within the project area use
the record of historical earthquakes and mathematical means relating to
the linear extent of faulting and amount of displacement. Because of
the relatively small number of earthquakes that have occurred within
the northern area of the Foothills Fault System, estimates of recurrence
intervals or magnitude for earthquakes associated with particular struc-
tural features must be regarded as having lower reliability than estimates
for the entire region. Based on the historical record it appears that,
even though past activity was mainly to the north of the sites, an earth-
quake with a magnitude on the order of 5.7 is possible within the area.
Relating earthquake magnitude to fault length and displacement by using
mathematical formulas and curves has many weaknesses or uncertainties
because of mixing data from different kinds of faults, uncertainties
about fault displacement through different kinds of geologic materials,
and insufficient subsurface data on faulting. By applying the formulas
and curves, a range of magnitudes on the order of 5.0 to 6.5 is possible.

In a report prepared for the Corps of Engineers by Professor Bruce A.
Bolt of the University of California, Berkeley, it was concluded
that the most severe earthquake motions likely to develop at the project
area will be those due to either a local earthquake in the Foothills
Fault Zone having a magnitude of about 6.25 and centered about 9 miles
(15 km) from the Yuba River Damsite or an earthquake of magnitude 7.5
located on one of the faults on the west side of the Great Valley at a
minimum distance of about 50 miles (80 km) from the project sites. They
postulated a design earthquake with a magnitude of 6.25 which was used
by Woodward-Clyde Consultants (October 1976) to evaluate the seismic
stability of the proposed Parks Bar Afterbay Dam.

7. Areal geology. - The project area (Plate III) is underlain by bedrock
consisting of probable late Jurassic metavolcanic rocks. They were orig-
inally mapped on the USGS folios as part of the Paleozoic "Western Belt
of the Calaveras Formation" (Duffield and Sharp, 1975). The name
Calaveras is no longer appropriate, and, although no definite stratig-
raphic correlations have been made, some of the rock may be correlative
with the Oregon City Formation (Creely, 1965) to the north and the
Gopher Ridge-Copper Hill Volcanics to the south (Duffield and Sharp,
1975; Clark, 1964, 1976). The metavolcanic rock types vary in compo-
sition from basic to acidic (basaltic, andesitic, and rhyolitic) and
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have a wide variety of textures and structures. They primarily consist
of pillowed to nonpillowed basaltic flows, andesitic to rhyolitic
pyroclastics, and basic to felsic dikes. Many of the dikes are essen-
tially the same composition as the flows and are probably feeders for
them. The intrusive igneous bodies to the east and north of the project
area vary in composition and include gabbroic, dioritic, and granitic
rock types (Compton, 1955).

In and along the channel of the Yuba River, bedrock is overlain by deposits
of recent alluvium and dredge tailings increasing in extent and amount
downstream from Timbuctoo Bend toward Daguerre Point Dam and Hammonton.
Scattered remnants and some larger areas of Tertiary and Quaternary
terrace gravel deposits occur adjacent to the Yuba River and tributaries,
and thicker deposits of worked auriferous gravels mantle higher elevations
near Dry Creek Damsite, Sicard Flat, and Smartville. Auriferous gravels
east of Sicard Flat and Smartville include deposits of pyroclastic vol-
canics. The extensive gravel deposits north and east of the Afterbay
Damsite were partially excavated and worked for gold, exposing patches
of the underlying fine grained sediments of the Eocene Ione Formation.
Downstream from the damsite the gravels were also worked. West of Dry
Creek and also south of the Yuba River near McCartie Hill, deposits of
alluvium, terrace gravels, and Tertiary volcanics are not separated for
this report. They are designated by the same symbol used for the
Tertiary and Quaternary materials overlying the metavolcanic bedrock
along the western margin of the map. Most contacts and symbols used
to designate the geologic units on Plates I to V are the same as shown
on the Geologic Map of California, Chico Sheet, 1962 (1:250,000 scale).

8. Description of bedrock units. - The state geologic map includes all
of the bedrock in the project area under the symbol iv designating
Jurassic and/or Triassic metavolcanic rocks. In this report, the
designation JV (Clark, 1976) is used. For this study bedrock units were
separated into five broad groups of metavolcanic rocks with undetermined
extent to the northwest and southeast (Plate III). These broad groups,
designated A to E from west to east, are described separately below.
Descriptions for the various rock types were collaborated with Buer
(January 1977, personal communication) from unpublished Masters thesis
notes.

a. Browns Valley Ridge to the regional shear zone. - Group A is a
relatively thick, apparently undeformed, homoclinal, east-dipping se-
quence of intercalated pyroxene andesite tuff breccias, basaltic to
andesitic porphyritic to uniformly fine grained flows, pyroxene pumice
tuff breccia, and minor pillow-structured pyroxene andesite flows. This
sequence is cut by a few basaltic to quartz dioritic dikes. Eastward,
toward the shear zone, the flows are interlayered with relatively thin
beds (5 to 50 feet) of finely laminated pyroclastic crystal and lithic
tuffs and pyroxene tuff breccia.
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b. Regional shear zone. - Rock throughout the shear zone is litho-
logically diverse, consisting primarily of actinolite, chlorite,
clinozoisite, epidote, quartz and calcite schist. It has been subjected
to low to medium grade dynamothermal metamorphism of the greenschist
facies. The rock varies from massive to highly foliated and sheared
showing later fracture cleavage. Relict structures indicate that the
original rock units were primarily fine grained mafic tuffaceous debris,
pillow- to nonpillow-structured flows, siliceous compacted and devitrified
rhyolitic tuffs, agglomerates or tuff breccias, all of which were intruded
by pyroxene porphyritic and diabasic dikes.

c. Regional shear zone to west of Parks Bar bridge. - Group C is a
zone of complex structure (deformed and folded) consisting of pillow-
structured basaltic flows, flow breccias, pyroclastic-layered crystal

* and lithic tuffs, and agglomerate or tuff breccia. Much of the agglom-
erates or tuff breccias contain interlayered pillowed flows and various
types of fragmental volcanic materials such as arnygdaloidal basalt and
porphyritic rock types. This sequence appears to have been clastic
deposits derived from the subaqueous extrusions to the east.

d. West of Parks Bar bridge to Deer Creek. - Group D is a thick
sequence of basic to intermediate pillow- to nonpillow-structured flows
and flow breccias with intercalated pillow breccias and layered tuffs
cut by many diabasic to felsic dikes. A plutonic gabbro diorite to
quartz diorite (granitic) igneous body occurs inside Timbuctoo Bend of
the Yuba River. Bedding attitudes change throughout this area, suggest-
ing an anticlinal structure trending northwestward through Timbuctoo Bend
and a synclinal structure through Buzzard Peak, or the different attitudes
may reflect local changes in direction of the volcanic flows. The con-
tact between Groups D and E near the confluence of the Yuba River and
Deer Creek and to the north is a fault or shear zone.

e. Deer Creek to Englebright Reservoir. - Group E is essentially a
sheeted dike complex consisting of about 70 percent basaltic to felsic
dikes which have intruded pillow-structured flows, flow breccias, and
tuffs.

9. Structural features. - Attitudes of most structural features such
as bedding, foliation (metamorphic rock cleavage), shears, and faults,
generally parallel the N. 150 to 450 W. dominant structural grain of the
foothills. From west to east along Highway 20, bedding dips 50 to 60
degrees eastward from Browns Valley Ridge to the regional shear zone,
is nearly vertical through the shear zone, then, where recognizable, it
dips 50 to 60 degrees westward to Timbuctoo Bend on the Yuba River (Plate
III). In addition to the above features, several lineaments or prominent
linear topographic trends of structural significance were identified and
named from interpretation of low-sun-angle aerial photographs and aerial
reconnaissance between Oroville and 6 miles south of the Yuba River.
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The lineaments represent straight or gently curved features or a linear
alignment of separate features showing linear geomorphic and topographic
expression such as general continuous alignment of narrow valleys, well
developed saddles, and in some areas the alignment of springs and seeps.
Their general locations are shown on Map 2, Project Vicinity Map. Four
of these lineaments, the Cleveland Hill, Paynes Peak, Swain Ravine, and
Prairie Creek were defined in a report entitled, "Evaluation for Potential
for Earthquakes and Surface Faulting, Parks Bar Afterbay Dam," which was
prepared under contract for the Corps of Engineers after the Oroville
earthquake (Woodward-Clyde Consultants, 1976). These lineaments are
shown by a stippled pattern on Plates I to V. Portions of these features
occur within, and portions occur outside of, the regional shear zone as
it is shown on the Geologic Map of California; but all of them except
the Prairie Creek lineament generally trend parallel to the structural
grain of the region. The Cleveland Hill lineament is relatively short
and projects southeastward into the Swain Ravine lineament. A crack
zone marks the trace of the Cleveland Hill fault (Plates IV and V).
The three other lineaments project toward or through the project area
and, together with the regional shear zone, are briefly described from
east to west.

a. Paynes Peak lineament. - The Paynes Peak lineament is a prominent
feature that trends approximately N. 200 W. for about 10-1/2 miles. It
is shown on Plates IV and V extending from the northeast side of Cleveland
Hill to about 4-1/2 miles southeast of Bangor in the vicinity of Stone
House north of Johnson and Paynes Peaks. The topographic expression of
this lineament continues southeastward from there along the west side of
Holman Hill, through the Forbes Ranch and the upstream segment of
Timbuctoo Bend, but structural relationships were not identified in the
field.

b. Swain Ravine lineament. - The Swain Ravine lineament roughly
parallels the Paynes Peak lineament and is prominant for about 23 miles
on a bearing of N. 200 to 250 W. (Plates II, III and IV). It passes
through Dry Creek Damsite and crosses the Yuba River about 2,500 feet
west (downstream) of the Parks Bar Damsite. About 7.3 miles south of
the Yuba River (Plate II) it is apparently truncated by the Prairie
Creek lineament, and 15.7 miles north of the river it projects into
the southeast end of the Cleveland Hill fault. Most of the lineament
south of the Yuba River coincides with the eastern boundary of the
regional shear zone.

c. Regional shear zone. - As noted in the description of bedrock
units, the rock in the shear zone is lithologically diverse, and the
structure is not well understood. It varies from massive to highly
foliated and sheared, and bedding attitudes vary from vertical to
steeply dipping to the southwest or northeast. The shear zone bound-
aries appear to be gradational rather than sharply defined. In the
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project area (Plate III), the west boundary of the shear zone as shown
on previous geologic maps was extended to the west to the junction of
Dry Creek and the Yuba River, thus including the Afterbay Damsite within
the zone.

d. Prairie Creek lineament. - The Prairie Creek lineament is the
longest lineament in the area. It cuts across the structural trend of
the regional shear zone on a bearing of approximately N. 300 W. (Plates
I to V). The lineament coincides with part of the western boundary of
the shear zone north of the Yuba River and has continuity through the
Afterbay Damsite to the vicinity of Wellman Creek. It is in line with
the Palermo crack zone and with faults in the Pliocene Tuscan Formation
north and east of Chico; it projects southeastward from Wellman Creek
through Austin Ravine and through the mile-long jog in Bear Creek and
continues along the eastern boundary of the shear zone to the Rocklin

* Pluton. The total length of the Prairie Creek lineament was not deter-
mined, but it is about 48 miles from Oroville to the Rocklin Pluton.
About 45 miles of the lineament is shown on Plates I to V.

10. Geologic and seismic investigations. - Prior to the 1 August 1975
Oroville earthquake, the Pacific Gas and Electric Company was conducting
a seismic investigation of the Foothills Fault System for location plan-
ning of nuclear powerplants. Also, a report entitled, "Geology,
Seismicity, and Faulting and Evaluation of Seismic Stability, Marysville
Dam," 1975, was prepared for the Corps of Engineers by Woodward-Lundgren
and Associates for the Marysville project Browns Valley site. After the
Oroville earthquake, two additional reports were prepared for the present
Marysville project: "Evaluation for Potential for Earthquakes and Surface
Faulting, Parks Bar Afterbay Dam" and "Evaluation of Seismic Stability,
Parks Bar Afterbay Dam" (Woodward-Clyde Consultants, April 1976 and
October 1976).

SImmediately after the Oroville earthquake, the California Department of
Water Resources investigated the surrounding epicentral area and the
Oroville Dam area for evidence of ground cracking and surface faulting.
Three known faults west of the dam were also inspected but no evidence
of recent movement was found (Akers and McQuilkin, 1975). Other con-
tributions consisted of seismological investigations by the US Geological
Survey and the initiation of additional geological mapping by the
California Division of Mines and Geology. Information from these studies
was compiled in Special Report 124 by the California Division of Mines
and Geology (Sherburne and Hauge, 1975). The Pacific Gas and Electric
Company and the California Department of Water Resources investigated
the many reported isolated cracks and zones of ground cracks which have
become known as the "Palermo", the "Mission Olive", and the "Cleveland
Hill" crack zones (Plates IV and V).

11. Investigations outside of the project area. - Subsurface explorations
of the Cleveland Hill and Mission Olive crack zones and the Paynes Peak,
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Swain Ravine, and Prairie Creek lineaments were done at various times
and places. A total of 46 trenches was excavated by four separate agencies
from August 1975 to November 1976 in addition to the 5 trenches in the
project area for this study. The trenches listed here are categorized
firstly by the feature they investigate and secondly by the agency they
were done for.

a. Cleveland Hill crack zone (six trenches).

(1) DWR In August 1975 the California Department of Water Resources
excavated three trenches designated A, B, and D across the crack zone.
Trench C was started but not completed due to sloughing of trench walls.
These were the first trenches in the area to investigate ground cracks
resulting from the Oroville earthquake. Their locations are shown on
Plate IV. They exposed a pre-existing fault (probably Jurassic) with a
wide clay gouge zone and brecciated rock directly beneath the surface
cracks. However, the cracks could not be traced from the surface into
the bedrock, fault or gouge zone, and there was no evidence of bedrock
displacement (Akers and McQuilkin, 1975).

(2) USCEC In January 1976 the Corps of Engineers excavated two
trenches, designated Cleveland Hill Nos. 1 and 2, across the crack zone
(Plate V). These trenches exposed bedrock fault zones directly beneath
or near surface cracks and showed evidence of at least three separate
episodes of small scale fault displacements totalling 18 inches. They
were estimated to have occurred within the range of 5,000 to 100,000
years based on the estimated age of the soil profile (Woodward-Clyde
Consultants, April 1976).

(3) PG&E In March 1976 the Pacific Gas and Electric Company
excavated one trench, Cleveland Hill No. 3 at the location shown on
Plate IV. Results were similar to what was found in DWR trenches A,
B, and D.

b. Mission Olive crack zones (16 trenches).

(1) USCEC In January 1976 the Corps of Engineers excavated one
trench, Grubbs No. 1, across the crack zone (Plate V). Results were
comparable with the Cleveland Hill Nos. 1 and 2 trenches.

(2) PG&E From March to May 1976 the Pacific Gas and Electric
Company excavated five trenches designated Sims No. 1, Lorraine Nos.
1, 2, and 3, and Grubbs No. 2 across the crack zone (Plate V). Results
of these trenches were essentially the same as for the Cleveland Hill
Nos. 1 and 2, and Grubbs No. 1 trenches.

(3) DWR In May 1976 the California Department of Water Resources
excavated seven trenches across photo lineaments and ground cracks that
extend northward along the crack zone from Cleveland Hill toward the
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Bidwell Bar arm of Lake Oroville (Plate V). These trenches are a
northward continuation from trenches A to D but are numbered 5, 7A,
7B, 8, 9, 10, and 11. Trench No. 6 was started but was not completed
because of deep alluvium and excessive inflow of ground water. Three
of these trenches (5, 7A, and 8) exposed fault structures which cor-
related with lineaments or surface cracks. No evidence of recent
movement was found in Nos. 5 and 7A, but in No. 8 there was evidence
for about 1/2-inch of displacement prior to the 1 August 1975 earth-
quake. In October and November 1976 the DWR excavated three addi-
tional trenches, Nos. 12, 13, and 14, which were located between
Nos. 8 and 10. Bedrock shear and fault features exposed had essen-
tially the same relationship to ground cracks and lineaments as in
trenches to the south. No evidence of recent movement was found
(Akers, personal communication).

c. Paynes Peak lineament (three trenches).

PG&E In March 1976 the Pacific Gas and Electric Company excavated
three trenches designated Knapp No. 1, about 1/4-mile southwest of
Bangor and Burt.Nos. 1 and 2 about 2 miles south of Bangor along the
lineament (Plate IV). Burt No. 2 trench was only a few feet long and
was located a few feet south of the No. 1 trench to inspect the fault
structure exposed in the No. 1 trench. Bedrock shear and fault struc-
tures were exposed but none of the features extended upward into over-
burden materials and no evidence of recent movement was found.

d. Swain Ravine lineament (13 trenches).

(1) PG&E In March 1976 the Pacific Gas and Electric Company
excavated five trenches, designated Pace Nos. 1 to 5, across the
lineament about two miles northeast of Loma Rica (Plate IV). The
trenches ranged from 22 to 270 feet in length, covered about 550
feet of ground surface, and were located on a N. 650 E. alignment.
One fault structure with clay gouge and several shear structures were
exposed, but none of those bedrock features extended upward into the
overburden materials and no indication of recent movement was found.

(2) USBR In July and August 1976 the US Bureau of Reclamation
excavated eight trenches, designated Orange Avenue trenches A to H,
-in an area with several ground cracks along the lineament about 1-1/2
miles northwest of Bangor (Plate IV). The exact location of all
trenches is not available at this time, but trenches A to D are known
to be within the circle shown on the map. Trenches excavated across
surface cracks showed the same relationship to bedrock fault structures
that was found to the northwest at Cleveland Hill. In some of the
trenches, bedrock shears and faults reportedly offset Cenozoic
alluvial deposits and metavolcanic bedrock (USBR, personal communication).
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In trench C, a fault with 13 to 14 feet of displacement was reportedly
substantiated by data obtained from the drilling of two NX diamond core
holes. Details and final conclusions for these trenches are not avail-
able at this time but will be included in a report by the Bureau.

e. Prairie Creek lineament (eight trenches).

(1) PG&E In March 1976 the Pacific Gas and Electric Company ex-
cavated two trenches, designated Wilson Nos. 1 and 2, across a portion of
the lineament about three miles northwest from Browns Valley (Plate III).
Trench No. 2 was only a few feet long and was excavated a few feet south
of the No. 1 trench to inspect the fault structure exposed in the No. 1
trench. A bedrock fault structure with clay gouge was exposed, but no
part of it extended upward into overburden materials and no indication
of recent movement was found.

Sometime before May 1976 a second location, desiganted O'Brien No. 1,
was trenched. It was located two miles northwest of Loma Rica (Plate
IV). At that location no major bedrock fault or shear feature was
exposed.

(2) USBR In August and September 1976 the US Bureau of Reclamation
excavated five trenches designated Spenceville Nos. 1 to 5 across the
Prairie Creek lineament about 8-3/4 miles southeast of the Parks Bar
Damsite and three miles north-northeast of Camp Far West Reservoir
(Plate II). The trenches exposed several southwest dipping shears and
a bedrock fault structure with a wide clay gouge zone. In trench No. 1
the fault strikes N. 450 W. and dips 650 SW. According to the con-
sultants logging the trenches for the Bureau, at least one of several
individual slickensided shear planes within the fault gouge extends
upward into, and apparently offsets the base of an overlying paleosol
of undetermined age. The consultants have indicated possible recent
movement on this fault although apparently very small (USBR~personal
communication).

12. Investigations by the Corps of Engineers for this study. Extensive
geological field mapping and subsurface exploration by trenching was
done by the Sacramento District. Also, trenches excavated by other
agencies were inspected, and findings in this investigation were con-
tinually compared with those from other investigations.

a. Geological mapping. From February to May 1976 geological field
mapping was concentrated on the Marysville project area (Plate III).
The area surrounding the project components was investigated entirely
on foot. The various rock types and attitudes of structural features
were located and plotted on appropriate maps, and the metavolcanics
were tentatively separated into broad mappable lithologic groups.
The lineaments and regional shear zone boundaries were traced through
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the project area, and a thorough search was conducted for evidence of
ground cracks and recent surface faulting.

In May 1976, geologic reconnaissance mapping was done throughout most
of the regional shear zone extending from a few miles northeast of
Lincoln to Lake Oroville. Numerous traverses were made along roads
crossing the shear zone. This mapping was done primarily to verify
the location and extent of the shear zone and to correlate rock types
to the north and south with those found in the project area. Mapping
data were plotted in the field on USGS 7-1/2 minute quadrangle maps
(scale 1" = 2,000'), special project orthophoto maps at scales of
1" = 200' and 1' = 400', and aerial photographs at a scale of 1" = 500'.
Final compilation of data was done on base maps made from USGS 7-1/2
minute quadrangle maps.

b. Trenching. From 2 June to 8 July 1976 a series of five trenches,
about 32 inches wide and ranging from 104 to 350 feet in length were
excavated to depths of 3 to 9 feet perpendicular to and across the
alignment of the Swain Ravine lineament northwest and southeast from
Dry Creek Damsite. The trenches were designated 4F-l to 4F-5. Their
locations are shown on Plate III, and the trench logs are shown on
Plates VI through XI.

All the trenches were field located along the trend of the Swain Ravine
lineament as based on geologic structural features exposed at the surface.
Those features included a bedrock fault, zones of highly foliated rock,
and topographic saddles. The lengths of trenches at the selected local-
ities were designed to cross all structural features indicated at the
ground surface. Trenches were extended during excavation until relatively
massive, nonfoliated or non-sheared bedrock was encountered. Bedrock and
soil features observed in the south wall of each trench were logged at

* a scale of I inch equals 2 feet. Each trench, with its pertinent
features, is described below.

(1) Trench 4F-l (Plate VI). Trench 4F-l was located in a topo-
graphic swale about 1,300 feet west of Peoria Road and 500 feet south-
east of a small reservoir. It was excavated on 2 June and backfilled
on 11 June 1976. The trench was approximately 32 inches wide, 8 to 9
feet deep and was 133.5 feet long on a bearing of N. 630 E. The trench
was located to cross the lineament where a fault, exposed in a gully
southeast from the reservoir spillway, projects on strike and dip to
the center of the swale. The exposed fault is sinuous but generally
strikes N. 40 E. and dips 650 SE. It corresponds, with a slight
attitude change, to fault 4F-lA which strikes N. 50 W. and dips 410 NE.

The trench cut exposed 0.4 to 3.6 feet of colluvium (overburden) con-
sisting of organic soil and slopewash overlying weathered bedrock.
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Thickness of the colluvium increases toward the center of the trench.
The contact between the colluvium and weathered bedrock is an irregular
erosional surface with about one foot of relief. About 0.5 foot or less
of the upper part of weathered rock, at scattered locations, is residual
soil which grades indistinctly into material below with rock texture.
Residual soil was not separated from weathered bedrock on the trench
log. Bedrock consists of metavolcanic agglomerate. The entire trench,
except for the first 2 feet and the last 3-5 feet, consisted of decom-
posed to highly weathered bedrock, with some zones exhibiting well
developed spheroidal weathering structures. Joints and spheroidally
weathered surfaces are stained brown to dark reddish brown by iron
oxide. The rock is locally sheared or foliated and altered. Bedding
was not discernable. Pyroclasts (or fragments) are elongated parallel
to the foliation between 62 and 134 feet along the trench.

.The significant structural features include faults, foliation, shears,
and joints, some of which have altered coatings.

(a) Faults. The major structural features were two subparallel
faults, 1.8 to 3.0 feet apart, located between 53 and 62 feet along
the trench. The eastern fault, designated 4F-IA, strikes N. 50 W. and
dips 410 NE. The western fault, designated 4F-lB, strikes N. 150 W.
and dips 470 NE. Light gray to light grayish green, moist, highly
plastic clay gouge occurred on both faults. Thickness of the gouge
increased upward from 0.1 foot at the trench bottom to 0.6 foot on
4F-IB and 1.4 feet on 4F-lA near the slopewash-bedrock contact, but
there is no evidence that the gouge or shearing extends into the over-
burden, and no displacement is apparent. Shears and foliation between
faults 4F-lA and 4F-lB and adjacent to the east side of fault 4F-lA
trend from parallel to the faults at the trench floor to steeper in
the up-dip direction and become overturned, dipping 670 to 860 SW at
the slopewash-bedrock contact.

(b) Foliation and shears. Moderately to highly foliated rock with
numerous sheared zones and thin shear planes occurs from 50 to 104 feet.
The rock is slightly to moderately foliated with scattered thin shears
from 104 feet to the end of the trench at 133.5 feet. Where the original
rock texture was not destroyed, pyroclasts or fragments are elongated
parallel to the foliation. The attitudes of shearing changes from east
to west.

Along with the shearing on the southwest side of fault 4F-lB, drag folds
at 60.6 feet indicate normal movement for the fault, downdropped on the
east side.

(c) Joints. Throughout the trench the rock is moderately to highly
jointed with spacing from 1/4 inch to 5 inches, giving the rock a blocky
fractured appearance. From 0 to 50 feet along the trench the rock is
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massive, but apparent small scale displacements have disturbed or shifted
the rock along joint planes east of the faults. Joint surfaces are mostly
coated with yellowish brown to brownish red iron oxide stains. Several
joints appear to have coatings of altered laminated siliceous material,
probably epidote, quartz and calcite from 1/2 inch to 2 inches thick.
Some of the coatings are hard, altered light grayish green siliceous
material; and some are a dull white to salmon pink altered material
consisting mostly of silt or clay. Numerous joints were measured but
most were too short and discontinuous to be shown on the trench log. The
attitudes of five joint sets are as follows:

STRIKE DIP

N. 500 to 600 E. 800 NW. to vertical
N. 30 to 200 W. 240 to 760 NE.
N. 270 to 430 W. 700 NE. to vertical
N. 240 to 310 W. 700 to 800 SW.
N. 300 to 420 W. 350 to 650 SW.

(2) Trench 4F-2 (Plate VII). Trench 4F-2 was located in the channel
area of Dry Creek immediately east of Peoria Road. The location was 200
feet southwest from the intersection of Peoria and Township Roads and
300 feet northwest from the bridge over Dry Creek. It was excavated on
3, 4, and 7 June and backfilled on 21 June 1976. The trench was approx-
imately 32 inches wide, 7 to 9 feet deep and was 174.0 feet long on a
bearing of N. 580 E. This locality was selected because of a 150-foot-
wide zone of foliated rock exposed in a small side branch of the main
Dry Creek channel. This appeared to be the most likely area to cross
features of the Swain Ravine lineament because the bedrock is massive
westward from Peoria Road and also eastward from the left abutment of
Dry Creek bridge.

The trench cut exposed 1.0 to 8.2 feet of overburden (alluvium) consist-
ing of stream deposited flood plain material and underlying sand and
gravel lenses over bedrock. The flood plain deposit varies from 0.3
to 3.2 feet thick and the sand and gravel is from 0.1 to 7.0 feet thick.
A maximum of 3.2 feet of bedrock was exposed at any one location in the
trench. Stream erosion, prior to deposition of the alluvium, produced
a bedrock surface with about 3 feet of relief. The contact between bed-
rock and alluvium is sharp with no residual soil separating the two units.
The rock varies from nearly fresh to highly weathered, some spheroidally
weathered, and from massive to highly foliated. Numerous zones of very
soft, clayey, altered rock occur between 36 and 146 feet along the
trench. Clay seams and clayey zones of weathered rock are common. Bedding
was not discernible.

Significant features include altered rock, foliation, shears, and joints.
No faults were found in the trench.
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(a) Altered rock. The rock grades laterally in and out of soft,
mostly white, clayey altered rock and harder less weathered grayish-
green unaltered rock with no apparent structural features associated
with the alteration. No evidence of faulting, shearing, or intrusive
bodies was found which could have produced the alteration. This alter-
ation could be a weathering phenomenon which is characteristic of the
particular conditions and tuffaceous rock type, whereby acid solutions
produced from weathering of the disseminated pyrite bleaches the mate-
rial as it is weathered. Subsequent iron oxide staining produces streaks
along pre-existing structural features such as foliation planes. Some
contacts between altered rock and hard, slightly weathered rock are sharp
but others are gradational.

(b) Foliation and shears. Most of the rock throughout the trench is
foliated in degrees varying from slight to intense. Attitudes of folia-
tion ranges from strikes of N. 120 E. to N. 310 W. and dips of 660 SE.
or NE. to vertical. One zone of intense foliation or shearing occurred
between 166.6 and 171.5 feet along the trench in association with clay
seams of the same attitude which dip steeply northeast.

(c) Joints. Not many distinct or regular joint planes were exposed
in the trench probably due to the weathered condition of the rock. Most
of the joints noted were nearly parallel to the foliation. The few
joint8 measured ganged from strikes of N. 20 W. to N. 120 E., and dips
of 66 SE. to 72 NE. In general, rock throughout the trench was
moderately jointed with surfaces iron oxide stained and/or clay coated.

(3) Trench 4F-3 (Plate VIII). Trench 4F-3 was located parallel to
and about 40 feet north of Sicard Flat Road. The west end was 450 feet
east of the intersection of Sicard Flat and Peoria Roads and about 30
feet east of Smith ditch. It was excavated on 8 and 9 June and back-
filled on 8 July 1976. The trench was about 32 inches wide, 3.0 to 7.5
feet deep and 104.2 feet long on a bearing of N. 76-1/20 W. This local-
ity was selected as part of the area to be trenched because the Swain
Ravine lineament pa ses through the wide valley bottom. Trench 4F-3
would have been 500- feet long (including the location of Trench 4F-4)
if the area had not been traversed by the Smith ditch. Moderately to
highly foliated rock was noted in the ditch bank on the north side of
Sicard Flat Road from near the intersection with Peoria Road and eastward
for almost 500 feet.

The trench cut exposed 0.4 foot to 2.5 feet of overburden and 1.3 to 6.8
feet of weathered bedrock. The overburden consists of organic soil,
slopewash and residual soil. The residual soil occurs only between
55.0 and 104.2 feet along the trench. The rock exposed in the first 60
feet of trench varies from highly weathered to decomposed, moderately
to highly foliated, sheared, and altered; from 60.0 to 104.2 feet the
rock is mostly massive, although moderately to highly weathered. Several
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dikes, thin shears, fractured quartz seams, and one fault were exposed.
The contact between slopewash and residual soil or weathered rock rep-
resents an erosional surface with as much as 0.8-foot of relief.

Significant features include foliation and shears, joints, one fault,
and dikes.

(a) Foliation and shears. Highly foliated, sheared and altered
rock occurred from 0 to 60.0 feet except for massive dikes. Scattered
thin shears occur from 60.0 to 104.2 feet. Shear planes range from
strikes of N. 100 E. to N. 270 W. and dips of 520 to 750 eastward or
vertical. Foliation generally ranges from strikes of N. 150 E. to
N. 200 W. and from dips of 55u to 800 eastward or westward. Rock
beneath the fault is highly sheared and broken at an attitude of N.
150 W., 600 NE.

0 (b) Joints. Joints are abundant but short and discontinuous and
could generally be traced for only 2 to 3 feet. A few joints had
slickensided coatings, generally less than 1/16 inch thick, consist-
inf of altered or weathered calcite, epidote, and quartz. Major joint
sets strike N. 600 E. to N. 260 W. and dip 760 to 800 NE. to SE. and
20-300 SW.

(c) Fault. One fault, striking N. 150 W. and dipping 460 NE. is
located between 16 and 22 feet along the trench. The fault is a
straight planar feature which truncates part of a dike at the bedrock-
slopewash contact and is coated with light greenish gray clay gouge
varying from 0.1-foot thick at the trench floor to 0.3-foot thick at
the bedrock-slopewash contact. The contact shows no offset and there
is no evidence to suggest the relative direction of movement on the
fault. Also, there is no evidence that shearing extends into the over-
burden.

(d) Dikes. Six dikes ranging from 0.2 foot to 10.0 feet wide are
spaced about 6 to 22 feet apart throughout the trench. They consist of
massive, moderately to highly jointed, unaltered, moderately to highly
weathered, iron oxide stained rock. The texture is a uniformly fine
grained groundmass with scattered 1/8-inch phenocrysts. The two larger
dikes, from 2.0 to 7.5 feet and 59.0 to 70.0 feet, have associated 1/2-
to 4-inch-wide quartz seams. Two dikes 1-1/2 feet wide between 23.0
and 35.5 feet have thin dikelets extending between them and westward
to about 47.0 feet. "Baked zones" occur along dike-country rock con-
tacts at 22.0 and 59.0 feet. The dike at 36.0 feet has chilled margins
on both sides. Two small dikes, 0.1 to 0.6 foot wide occur at 75.0
and 87.0 feet with no associated quartz veins or dikelets and no notice-
able baked zones or chilled mgrgins. Attitudes 8f the dikes range from
strikes of N. 400 W. to N. 15 E. and dips of 60 to 850 NE. and 420
SE. to vertical. They trend predominantly northwest and dip northeast.
Contacts between the dikes and adjacent rock are generally sinuous or
irregular.
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(4) Trench 4F-4 (Plates IX and X). Trench 4F-4 was located 50 feet
west of Trench 4F-3 on the same alignment, about 20 feet west of Smith
ditch. It is parallel to and about 40 feet north of Sicard Flat Road
and extends westward to within 35 feet of Peoria Road. It was excavated
between 8 and 11 June and backfilled on 7 and 8 July 1976. The trench
was excavated about 32 inches wide, 3.8 to 7.1 feet deep, and 349.8
feet long on a bearing of N. 76-1/20 W. This locality was selected for
trenching because the precise location of features comprising the Swain
Ravine lineament could not be determined. Moderately to highly foliated
rock exposed on the north side of Sicard Flat Road from near Peoria Road
to about 500 feet eastward suggested the location of the lineament.

The first 340.0 feet of the trench cut exposed 0.4 to 3.9 feet of over-
burden consisting of organic soil, slopewash, and residual soil. From
about 327.0 feet, bedrock was eroded on a moderately steep westward
slope that projects beneath the trench floor at 340.0 feet. Probably
in late Tertiary or early Quaternary time the bedrock slope was mantled
by stream alluvium. Overburden, consisting of slopewash and older
alluvium, is 5.2 feet thick at 340.0 feet and it increases in thickness
westward toward Dry Creek. Since deposition of the alluvium, two soil
layers have developed from the alluvium and are in turn overlain by
slopewash. Throughout the trench, the contact between the slopewash
and residual soil or weathered bedrock represents an erosional surface
with less than one foot of relief except at 198.0 feet and on the
erosional slope from 327.0 to 340.0 feet. Beneath the slopewash from
about 276.0 to 303.0 feet a layer of fine grained clayey soil, possibly
alluvium, overlies bedrock. The thickness of organic soil increases
from 0.1 to 0.3 foot at the east end of the trench and to about one
foot at 145.0 feet. From 145.0 feet organic soil is not a separate
unit and is mixed with slopewash of various descriptions. Residual
soil is a continuous unit from 0 to 131.5 feet, then occurs only in
scattered pockets and short intervals from 166.0 to 319.0 feet.

Bedrock consists of various metavolcanic rock types including agglomerate,
tuff, and tuff breccia. Most bedrock exposed is soft to moderately soft
and varies from moderately to highly weathered and iron oxide stained.
About half of the bedrock is massive and half is moderately foliated.
Contacts between massive and foliated rock are generally gradational.
Some of the rock is altered as in Trench 4F-3. The contact between
bedrock and overlying residual soil is very uneven with as much as two
feet of relief. This is apparently the result of differential weathering,
although the reasons are not clear. It does not appear to have any
relationship to rock structure including either of the bedrock faults.

Significant features include foliation, joints, and faults.

(a) Foliation. Moderately foliated rock occurs at intervals through-
out about half of the trench. A zone of slightly foliated rock occurs
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between ,93 and 223 feet. Atti tudss range from strikes of N. 200 W.
to N. 30ý E. and dips of 600 to 75 NE. or SE., and vertical.

(b) Joints. Joints were abundant but short and discontinuous
as in Trench 4F-3. The range in attitude of major joint sets tabulated
below.

STRIKE DIP

N. 150 to 800 E. 200 to 300 SW.
N. 100 E. 350 SE.
N. 470 to 770 E. Vertical 0
N. 100 to 520 W. 400 to67SW
N. 250 to 450 W. 270 to 850 NE.

( c) Faults. Two bedrock faults were found in Trench 4F-4. One,
designated 4F-4A, occurs at 34.5 feet and the other, 4F-4B, at 320.0
feet. Fault 4F-4A strikes N. 20 E. and dips 520 SE. It has 0.2 to
0.6 foot of clay gouge. Fault 4F-4B is a much larger feature. It
strikes N. 220 W. and dips 480 SW. On the south trench wall it has
0.5 to 1.0 foot of clay gouge and on the north wall there is about 0.5
foot to 2.2 feet of gouge. Shearing does not extend into the overlying
soil, although the residual soil is thicker adjacent to Fault 4F-4A.
However, there are numerous other places with similar conditions, and
the thickened soil is believed to be related to differential weathering.
The relative direction of movement could not be determined for either
fault.

(5) Trench 4F-5 (Plate XI). Trench 4F-5 was located in a topo-
graphic saddle north of Sicard Flat. The northeast end of the trench
was 152 feet N. 760 W. from the northwest end of the siphon that crosses
Sicard Flat Road. The trench was excavated on 14, 24, and 25 June and
backfilled on 8 July 1976. It was about 32 inches wide, had a maximum
depth of 7.6 feet, and was 168.2 feet long on an average bearing of N.
670. E. Short segments of the trench varied from bearings of N. 620 E.
to N. 810 E. Structural evidence of geological features related to
the Swain Ravine lineament consists only of topographic saddles or
swales with very few rock outcrops between fairly large, massive, hard
rock outcrops.

The trench cut varied from 0.3 to 7.6 feet deep and exposed 0.3 to 6.0
feet of overburden materials overlying 0.2 to 4.5 feet of weathered
bedrock. Overburden materials consist of organic soil, slopewash, and
residual soil. The organic soil layer is fairly uniform throughout
the entire trench and is 0.1 to 0.3 foot thick. Slopewash occurs
throughout the trench, varying from 0.2 to 2.3 feet thick. Residual
soil, varying from about 0.2 to 4.5 feet thick, occurs in most of the
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trench except in an area of hard, near-surface bedrock at trench loca-
tion 15.0 to 20.0 feet and in areas where it was probably removed by
erosion at 39.0 to 42.0 feet and 138.0 to 168.2 feet. One small iso-
lated pocket of residual soil is at 148.5 feet. The contact between
residual soil and bedrock is irregular, probably a reflection of
differences in the parent rock's resistance to weathering. The ero-
sional surface between residual soil and the overlying slopewash is
fairly uniform, conforming to the general surface topography with less
than 1.0 foot of relief.

From 0.2 to 4.7 feet of bedrock was exposed beneath the overburden
materials. It consists predominately of metavolcanic agglomerate. The
rock varies from light grayish green and greenish brown to brownish tan
and tan. It is soft to hard, varies from slightly weathered to highly
weathered or decomposed, most of it exhibits spheroidal weathering
structure, and it is moderately to highly jointed. Bedding attitude
was not discernable in the trench. One hard, slightly weathered rib
of rock occurs from trench location 15.0 to 20.0 feet; and soft, highly
weathered or decomposed and altered rock occurs between 92.0 and 111.4
feet in a fault and shear zone. Two other minor thin shears occur
between 24.0 and 26.0 feet. Except for minor thin shears and two fault
and shear structures bracketing the fault and shear zone, the rock is
massive. No zones of foliated rock were exposed.

Significant features include a fault and shear zone, minor thin shears,
and joints.

(a) Fault and shear zone. A fault and shear zone occurs between
92.0 and 111.4 feet. The zone is bounded on the northeast side by
feature 4F-5A and on the southwest by feature 4F-5B. Feature 4F-5A
consists of at least 3 fault or shear planes with attitudes of N. 320
W., 700 NE., N. 340 W., 700 SW.; and N. 420 W., 480 NW. Approximately
0.1-foot of damp, light tan, moderately to highly plastic cla0 gouge
with small angular rock fragments occurs on the N. 320 W., 80 NE.
plane. Above the plane, closely spaced curving fractures may represent
drag features produced by movement along the plane. Also, the plane
appears to terminate indistinctly upward into the decomposed rock and
does not penetrate the overlying soil. The tbickness of residual soil
is greatly increased directly above the N. 34 W., 700 SW. plane,
probably a reflection of the sheared rock's susceptibility to weathering.
All of the features of 4F-5A are fairly indistinct and no clear relation-
ship between them was apparent. It appeared that the rock has been
shifted around, and joints and shear planes offset and truncate each
other. Feature 4F-5B strikes N. 270 W. and dips 750 NE. It is a thin
plane that could be either a shear or fault plane. There is no clay
gouge along the plane and no sense of movement was discernible. There
is no evidence of displacement in the soil overlying bedrock in either
structure.
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(b) Minor thin shears. Two thin southwestward dipping shears occur
between 24.0 and 26.0 feet. They are fairly indistinct features that do
not extend upward to the top of bedrock or downward to the bottom of the
trench. A few other thin shear planes occur in the middle of the fault
and shear zone between 99.0 and 104.0 feet. These features all strike
from north to N. 270 W. and dip 460 to 860 SW. None of them extend
through the decomposed bedrock to the residual soil.

(c) Joints. Joints are abundant but short and discontinuous. Most
are stained brownish red by iron oxide and a few are thinly coated with
laminated calcite, epidote, and quartz. Throughout the trench the rock
is too weathered for measuring joint attitudes except for general direc-
tion of dip. The dips vary from 550 to 850 eastward to about 150.0
feet, are vertical to about 152.0 feet, and then are 700 to 750 west-
ward to the end of the trench at 168.2 feet.

(6) Trenching summary. The trenches exposed weathered rock varying
from massive to slightly, moderately, and highly foliated or sheared.
Much of the rock is variably altered and shows evidence of complex struc-
tural deformation over a zone up to several hundred feet wide. There are
many scattered bedrock structures including thin shears, shear zones, and
several fault structures with different attitudes, which cannot be dated
except that they are Upper Jurassic age or younger. Seven bedrock faults
were identified in five trenches and six of them have clay gouge ranging
from 0.1 to 1.4 feet in thickness. The gouge zones generally are thicker
at the bedrock-soil contact than at the trench floor. Individual shear
planes were not found within the gouge zones. There is no evidence
apparent to suggest that fault-related structures extend upward into
overlying overburden materials, and no evidence was found of Recent or
even Quaternary fault movement. Attitudes of five of the seven faults
found ranged from strikes of N. 50 to 320 W. and dips of 410 to 750 NE.
One fault strikes N. 20 E. and dips 520 SE., and the only identified
westward dipping fault strikes N. 220 W. and dips 480 SW. Insufficient
structural relationships precluded determination of the relative direction
of fault displacement except in Trench 4F-l. There, drag fold structures
indicated normal movement, down on the east side, for two subparallel
faults striking N. 50 to 150 W. and dipping 410 to 470 NE.

13. Summary of the study. This fault evaluation study contributes to
a better understanding of the geology and structural relationships
throughout the regional shear zone extending from the Rocklin Pluton
northward toward Lake Oroville. Reconnaissance geological mapping and
detailed mapping in the Marysville project area showed that similar rock
types with complex structure and limited lateral continuity occur through-
out the area. The metavolcanic bedrock in the project area was separated
into five broad lithologically and structurally definable groups from
west to east.
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During the study, rock types and geologic structures were identified
and mapped, the regional shear zone boundaries and major structural
lineaments were traced out and delineated on maps, the project area
was thoroughly searched for any evidence of ground cracks and recent
surface faulting, and subsurface exploration by trenching was conducted.
Five trenches, designated 4F-l to 4F-5, were excavated along the Swain
Ravine lineament about 1 to 4 miles northwest of the Yuba River. The
Swain Ravine lineament is significant to the Marysville project because
it is a prominent, nearly straight structural feature that crosses the
Yuba River about 2,500 feet west of the Parks Bar Damsite, passes
through the Dry Creek Damsite and projects northwestward into the south-
east end of the recently active Cleveland Hill fault. Trenching across
ground cracks on the Cleveland Hill fault showed evidence of at least
three episodes of small displacements totalling about 18 inches within
Quaternary time. The Swain Ravine lineament has strong continuity for
about 23 miles on a bearing ranging from N. 200 to 250 W. (averages
N. 220 W. through the Dry Creek Damsite). It extends from about 7 miles
south of the Yuba River, where it is apparently truncated by the N. 300
W. trending Prairie Creek lineament, to about 16 miles north of the river
where it projects into the Cleveland Hill fault.

14. Conclusions.

a. No evidence of ground cracks or surface faulting associated with
the 1975 Oroville earthquake was found within the proposed Marysville
project area.

b. There was no evidence found in exploration trenches of Quaternary
or any faulting younger than bedrock structures along the Swain Ravine
lineament in the Parks Bar-Dry Creek area.

c. Faulting which is younger than the bedrock fault structures
reportedly has occurred along the Swain Ravine lineament about 11 miles
northwest of Dry Creek Damsite (about 13 miles northwest of the Yuba
River) in the Bureau of Reclamation's "Orange Avenue" trenches near
Bangor.

d. About 8.5 miles south of the Yuba River, very small Quaternary
displacement was reported in the Bureau of Reclamation's "Spenceville"
trenches on the Prairie Creek lineament. Details and conclusions from
the Bureau trenches are not available at this time.

e. Recent surface faulting occurred on the Cleveland Hill fault
about 14 miles northwest of Dry Creek Damsite. The fault is a pre-
existing (probably Jurassic) bedrock fault showing evidence of at least
three episodes of small Quaternary displacements and was the source of
the 1975 earthquake.

22



f. It is evident that several periods of faulting have affected
the region. The earliest faults are the result of uplift during the
Nevandan Orogeny and later batholithic intrusions during late Jurassic
and Cretaceous time. The latest faulting and earthquakes are probably
related to either uplift of the Sierran block beginning in Tertiary
time, which would produce normal faulting along old zones of weakness,
or regional readjustments due to stress buildups between the San
Andreas transcurrent and the Basin and Range extensional tectonic
regimes.

g. Two of the three major lineaments, the Swain Ravine and Prairie
Creek lineaments, traverse the Marysville project area and are signif-
icant to it. The Swain Ravine lineament crosses the Yuba River about
2,500 feet downstream from the Parks Bar site and cuts through Dry
Creek Damsite along the creek channel. The Prairie Creek lineament
cuts through the area upstream from the Afterbay Damsite. Its loca-tion is about 500 feet upstream from the right abutment and about2,000 feet upstream from the left abutment.

h. Mapping and trenching data indicates that the major lineaments
consist of similar geologic features. The Swain Ravine lineament,
which was concentrated on during this study, is a long linear topographic
feature reflecting a relatively narrow, complex fault and shear zone.
Most of the individual fault and shear structures observed at various
places along the lineaments appear to be too small to account for the
prominence and extent of the lineaments unless they are only part of
the complex zone of these structures.

i. Even though the major lineaments appear to be old complex fault
and shear zones that are probably associated with the overall Foothill
Fault System, they were not found to be active in the project area.
Recent movement (1975) on the Cleveland Hill fault to the north probably
was restricted to a curving fault segment of limited extent in a complex
zone of branching and interlacing fault segments as described in paragraph
"n" following.

j. There is no evidence that sympathetic movement occurred on the
Swain Ravine lineament as a result of the 1975 Oroville earthquake.

k. The sense of movement on the bedrock faults observed by others
in trenches along the Swain Ravine and other lineaments was reported to
be normal. Six of the seven fault structures exposed in Corps of
Engineers Trenches 4F-l to 4F-5 dip eastward, and only one dips westward
similar to the Cleveland Hill fault. Faults in the Bureau's Orange
Avenue trenches dip both westward and eastward, but the fault in their
Spenceville trenches dips southwestward.

1. The northwest trend of the Prairie Creek lineament results in
its cutting across the entire structural grain of the regional shear
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zone and probably represents another through-going, complex bedrock
structure similar to the Swain Ravine lineament only it is longer
and larger. It coincides in part with the western boundary of the
regional shear zone north of the Yuba River, crosses the river up-
stream of the Afterbay Damsite and has good continuity to the vicin-
ity of Wellman Creek, continues southeastward through Austin Ravine
and the mile-long jog in Bear Creek and then follows along the eastern
boundary of the regional shear zone to the Rocklin Pluton. Because
it cuts across the shear zone and possibly truncates the Swain Ravine
lineament, it may be more recent than either feature.

m. Reconnaissance geologic mapping indicates that the location
of the regional shear zone shown on the Geologic Map of California
(1:250,000 scale) could be extended northward to include the Cleveland
Hill fault area. Also, it could be extended eastward in the vicinity
of Bangor to Pagnes Peak, and about a mile westward, at the Yuba River,
it includes the area surrounding the Afterbay Damsite. Most of the
eastern boundary appears to coincide well with the location on the
state geologic map.

n. According to Corps of Engineers definition, a "capable fault"
is one that is considered to have potential for generating an earth-
quake and exhibits unfavorable characteristics in one or more of the
three categories discussed below.

(1) Movement within the last 35,000 years. In this study there
was no evidence found of any movement at or near the ground surface
in the project area within the last 35,000 years or in Quaternary
time. The closest Quaternary faulting apparently occurred about 11
miles (Orange Avenue trenches) and 13.5 miles (Cleveland Hill fault)
northwest from Dry Creek Damsite and about 8.5 miles southeast of
Parks Bar Damsite (Spenceville trenches).

(2) Macro-seismicity records (3.5 magnitude or greater). Only
one recorded earthquake prior to the 1975 Oroville earthquake has
originated in the Northwestern Sierra foothills. That event was
centered about 50 miles north of the Parks Bar area and occurred in
1940. There is no evidence to link it or its source fault to any
fault known to be in the Parks Bar area.

(3) Structural relationship to a capable fault. About 16 miles
north of the Yuba River, the Swain Ravine lineament apparently connects
to the southeast end of the Cleveland Hill fault, which was active in
the 1975 Oroville earthquake; and about seven miles south of the river,
it is truncated or crossed by the Prairie Creek lineament, which was
reported by the USBR to exhibit possible small Quaternary displacement
in their Spenceville trenches. Therefore, the Swain Ravine lineament
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would be considered a capable fault according to Corps of Engineers
criteria because of its direct structural relationship to at least
one active fault.

o. This study, as well as studies made by other agencies, indi-
cates that the major linear features do not form single, long con-
tinuous fault structures but rather are complex zones with numerous
short segments. The Swain Ravine lineament, which can be traced for
about 23 miles and cuts through the project area, is a complex
structure composed of numerous straight and curving, branching and
interlacing faults, zones of sheared and foliated rock, zones of
altered rock and intrusive dikes. The segmental character of the
Swain Ravine lineament and all of the fault system in this area
leads to the conclusion that any activity generated by the Foothill
Fault System will produce small, not large magnitude earthquakes.

p. Historic records and observed displacements of Pleistocene
age or younger show that the frequency of activity and earthquake
magnitudes are greater north of Oroville than to the south on the
Foothill Fault System. Displacements found in post-bedrock soil
layers shows a pattern of becoming smaller from the north (Oroville
area) at least as far south as the Rocklin Pluton.

q. Historical data, seismicity patterns, trench exploration of
the major lineaments and general relationships of fault length and
displacement lead to the conclusion that any displacement beneath
the Dry Creek site would be very small (measured in inches) if the
Swain Ravine lineament actually becomes active and generates seismic
activity or undergoes sympathetic movement from activity or nearby
structures. Potential for displacement is not known to exist at
any of the other sites.
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ok. soft tn eoderatd I ft Isf, lightly to soderately"slightly to moderately ewethered(ses spheroidslly
areas to I foot in diameter) and iron oxide stained,
hly neNthrerd grayish grent clayey zones and clay

risit n 2E, 87PE t6I. feet.
CS, sottlnd light gr.en and light greenish brown,
donate ly snft, aodoratel' to highly follted,
eared froe 166.6 to 171a . fe"t, moderately to
the.ed (.. .. heroidal .e!therng) and ir.n aidey
handont light brown to light greenish brown 01ow

light grayi.s, green to greenish brown,sft to DEPARTMENT OF THE ARMY
ff, ad rd SACRAMENTO DISTRICT, CORPS OF ENGINEERS

derately plastic clay. SACRAMENTO, CALIFORNIA
to oval 'hIped a of arite rytal , to nche, MARYSVILLE LAKE PROJECT
r. Th. mes.s onists of Intnrgroon toholar, ohite
a el-trnalunt rn PARKS BAR ALTERNATE

n:"Itd,, cen rt, ace :1.ýl . a In;'1ht'9,.:r1. 'r' cay.D W• Polge
ned sd Is enloed in light greenish gry clay.FAULT EVALUATION STUDYR .J. A,nd ,,•,o , TT E Cw ,

NOTES LOG OF 4F-2
wlong 

t
op of trenoh Indicate the .enter location of

ng osed for trench oslI support

c.a.ted to reffse with , Case y tO, bmakhoe. .e .cc.o..o.o: ...... / ,. PO-"-

DONALD M. OSHEI I 
9

'YU-4-20-39
.,.ocs~~o~eoa~aaMEE a.snowo, NSS Sh~tT Nto.

39/6 to 39/11 39/7

EETY PAYS PLATE VII
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VALUE ENGINEERING P

N 76.5" W-

265.6

263.6 3

9 - 3-- --- -- - 4

26 LEL -5

26.1 6.

I ? ?JJI? ?, It
259.6. L

FAUL thin ninenoilizd streaks, no

25. 4F- 3 onignl noIok teohxn nenaining

2516(

26 h.I

259.6 14

251,6

249.6

EXPLANATION OF SYMBOLS

OVERBURDEN 
tOTES:

(i) VOLOU (Orgenic soil) Sad it tan to broon, ssnd fine (5) Pift, light bnoonish ten to light greenish broon. aphanitic Huebers I to I2 along toy of trenoh Iodicote the lintel

tomdc rained, soattered aubangular to subrounded iats- groundeca. with scatterad fine grained phnnocry.sts, elllioe-nO 12 aet. of shoning used for trench omil support.

volcanio (agglomerate) rook f ragmmnts to 11/2" in diameter, foliation or shear., not altered, abondant irregular 112 inch

o¥ir el°se I dfromdr .i a u dnto t N~ foot° inlcn thll e i i l llckn em e . n an-p sa~t icll f i n ner ° •d ikelet t s n he tendid g rtfrom main l ldikes .m0"l 2 i.oh ahnd a Str3.0 feet.dk s contact.t i r n h b t o I o x a a e o r f s l b a k o

(F.C.. betaeen dike, and adjacent rook are generally irregular sod Nae cn refers to ait iclleca.. partially laminated,

mOm. eohibit bakod aonea ar chilled margin.. dikee generally boandary betaeen Ohm intrusive dike and the adjaeonnow

(2) CSLLUI.lUM II (atopeeih) SadoSit light reddiah broan, 10-20% dip steeply mostoard, the rock is highly jointed aith mpacing (agtol eerote) ehich may beeI resu It of thereat alterat

sad etf fne groined, scattered rounded to suhangular graoelI from i1I2" to 2" apart, Joints stained broonish rod by iron by the introding dike,

ta I I/2" dioeeter and a fec iubmngular metacolcosnic aggi omer- ocideCildmr nree.t h onn hntedk

ate mock fr ag aent m.to Ne d iameter, loos e to firm and dry .
h l e a n r f r o I t i o e w t i h l e b

caresfro 05 t IE eetthckwoeraelyohe~~efinm a) FAULT tOUtE. light green ish Sran, oonsists of clay and small a er r ed and apyemrs acre asilicicua than rook t

( P CI r l O~ oI.g rookk m d r te y c he i e f i e g ntra ee t , fir e to sti ll and damp, car le s from 0.1 foot center d ue pro hab iy to the chilling effect o n cool in S

thick at the trench floor to 0.0 foot thick at the contact oith the 0.l1 rock.
(a) RESIDUIAL SOIL,(~~San lil , light broon to light reddish broom, nith the alopeaalh, the clay im moderatelIy to highly plastic.Sietrfrs oasml ofhot rbrnh rcadi

it- 5 0 5 a g u l m m nu - m oe-- - r o ok f r ag m e n t s mo et ly oe r y f i n e t o 
k e t r e r s o • s • l o f h o t o b r n h r o i d l

medium with moen coarse grained and scattered ± S/t iooh pea (7) NiAeriCANI h Aard oenrante) broondiek itrhn abudanrtel awftr toitsatchd

graceg--ilee fragments, fire to stiff and dry to damp, alightly diitl haap nti grudaeihabdnt nuar o

to Ioderately ptmstioc lay, no originol rock tectare preseroed, ackroundnd f raeents )pyrcclaast) fron it2 inoh to shoot I

fohibita prismatic oraohe (jointing) •poon desiccation. The inch in diameter, rook iaese mise--no foliation or shear., not

ramideal soil oocurs from 55.0 to log.2 feet and variem in alternd, moderately to highly meathered, highly Jointed oith

thickamem from 0.1 foot to 1.5 feet (ptC.), spacing from 1/2 inch to 2 I nnhes apart. Joint suffices are

iron ocide stained.

NEDROCR (t) IETAVOLC9NBIC (Sama ss 7), ham the spymarance of an asygdaloidal
t j~~jt~ the abundance of large (h-S inoO diameter ±

(9) 95K•.CNC (Agglomerate). brownish yellco and yeltoliah soygdaicidal hialtt pyroolmats nith nueeroums iiiica and os bite

broVwn *iblight tan to ohite mtreaks and fragments, soft to tilled amyadule, to about 1/S inch diameter and numerous

eoderately hard, soderately to highly neathened and deocoposed resettleas ohere they hive oea thered cut.

botueme 6 and tO feet, highly fotl hted and locally shemred,
contains abundant altered rook. aphsnitio groundmacso with (U) 9UARTZ AGINO. white, oplnue igneous quertz ei ns mamsocia ted 1ith

abundeet angular to aubrounded seygdaloidal fragment. or ntuI on0 the larger dikes. they are highly fractured into

pyroctaste from itg Inot to 9 inch in diameter, eoen arm angular fragment, of carl ous sices and are coated snd enoclomed

undefareed but moSt arm elongated parallel to the foliation, by highly plaatio broonish red oiat mixed oith weathered frag-

highly Jointed oith spacing from I12 inch to S i noh apart, aente of the adjacent rock.

joint martfaces are Iron oxide stmined.

' lat SAFETY PAYS



NGINEERING PAYS

65.6

63.6

4

i 4 - -. - --. . 259.6 W? Wl O~ELE C 4 *,(

~J~lo ~ L~ji ( i (3(?

4 ?

Highly folloted,chlorlr c.--

!61.6.

_?59.6

-~3 3 O ~ * -' -3 -3 -3 -( - -1- - - -2557.6

0 -255.6

03 (3D ~ a34333(7 (/3( /(

Jointing: N 60E, 803SE 
5.53.6

N 26iEi 76iNE

251.6

5!49.6

OL__S

NOTES.__

ifto I12 .1on t, of tre..h I adi..te the center location of Geologic contact.

ofsorin u d for trnh T upport.

ottom w as not excavated to refu sal by backhoe (Case 5-0 0). -- . . . . Appro is t .geologic €ont- ot.

a6 re fe rs t o a s il idc2us , pa rt i ally l a m3n.ted , non -d6tlnct

be twee the intrusive dike nd the1 Idletwelrc Shear zone.
rite .. hich say be Ireut of thr.:d 'Il"tr"tion produced

.trudlng dike.N z

ma~r In, refer. to a thin zone withi~n tth dIk bturd-r that • E She., with strike and dip.

g r d a nd T l p e , r , r e s Il ic io u s t h a n r c k t o w rd t h e -

wel ro b .b chiS Iln'f~to oln ycn!t- ,z joint with strike and dip. GRAPHIC SCALE

rock.O 2 4! 6. ' 0

re:ers tO sma w offshoot or branch fr .. d dike to wh lh Foliation.I I I I IIII

NOW Strike and dip of foliation.

N26 , N6t

725 1.6

I to Apparent dip of fotia tion.

of ha in u ed fo..rno.a.I s pp rt

DEPARTMENT OF THE ARMY
SACRIAMENTO DISTICT, CORPS OF ENGINEERS

SACRAMENTO, CALIFORNIA

D~l~•[• v:•MARYSVILLE LAKE PROJECT
a t t r b ( B- ttPARKS BAR ALTERNATE

•'•"•'•e~s,, I FAULT EVALUATION STUDY

rate) oich ma beareo It o theret alteation roduce

etrdlo dike a1 e'1',-

su,,a,,w_ p,. LOG OF TRENCH 4F-"fe p-a l o te-i-' f e t o 0 1 , .ot oSOUTH WALL

reer te sal ffhot r -eotmo adie o hih .. ,-., Foiaio.i d ,,I,,. 0'. I 4/7' 6'., 0'--..-.0'

DONALD M. O'SHEI FILK NO.YU-4-20-39
I IeT I SH1OT 4.

A T P/6 to 39/11 39/8i"A FET-Y P A YS PLATE. VIII



VALUE ENGINEERING

Spoil pile from excovation of Smthll

256.0ý ditch in early 1900',-rnixed sloyooooe
aod residual soll maoterials.

2 5 4 .0 

tr

25QCL Jointing: N 1 E, 35 SE ? tI ~ ftt'o ~ f

Gradational change AL
from massive to
foliated. . 4F-4A

248.0

0I 0'o 20 300

N 6.5 W

254.C4

--- - ---- -- -- -----------
252. - ---- - - -- .- - - - -

~248.0_1

'2460Q Gradational change from loo i tg 64maossive to foliated. N660

244.Q'

o 076.5 W

254. b oreen gross oo surface
Arblltrry :hrell Indetryfo sf4I ot from 162 to 70 feet.

So 0 Erlnfo or Ovrburden matria~lsl. 111 3

141

2520 QI

ft "- 71

Itf 24

LGrodflorl ... on...tac from
massive to foliated.

244.0L Jointing: N25W, 65 NE
N6536.: VerrfooI
N640 W, 27NE
N652 W, 67 SW

242.

150O 160' 170' IS0'

b EXPLANATION OF SYMBOLS

(0) rOLlf " I I :o:dlo aoII.Sodt r1,b~roon f0 dark broer,, C11rC. porose (2c) GRAVELLY S6050 SILT brown to0 I~~r gitrd;t raOsetal 6 OLY 1, AD CLA, .bro, sand f r.ne

from~~~ 0. td 
f6 

fmtort'rmfStt 6. et rauat r gaf It p r aeLsen t t r oug h o u t ath e v n t s ova ý1 8 C lop a y.f u ri t s (3 )onfSL Y t o R f L Y S N Y SI T r o o b o r t f io h n deg ra yi nted lsvre a m & I. . .. x . 1dmiarlksd bie.,oo(.C.. *hj"iititif miotor of,1 sertoat Wt asteo deoat anu6nAfitISNY.LY otldlgh ro
sl sas sthv lag teoeto AN roIde traysnl Ise and under37 ~lyi7 dng p m cith vagu

ant S o 0ar etnbe elo (o COOLYSOT SL.irtnt broorish1.1 gILra..r*It brownti i syhe lfef~I~fi POEL IT SN.I t brown(S) !AIJLYANYCAY Iihat thed at broon tart "orn sit dimo urT.3, th diino un ste ots and 0let crs And auhato ontronedndf. idVWi.teitt oat sn.sctee (ut- orsl a bove , torg Percen rone grve andd~ cobble toSIncf, r, JT
rglr t an o a ari oe.-, T, :dthre msc] frattertstfromasoetilt find... nmano dry an dnd(2 oCiohdtom ooour xmoti ren thI aeo h untdt) CLYOO I dNOEL SAND CLY lgh brt top~ 't' inch..m tete diti otlohe h th o oma the oldalghf Sotdra Ptet itlo fr ar. r dv.t isIar..d, dry and loose to firm, gray,' ootta arepret lt bnanabnv

(P.C.),'12,,. *gravel-sloe nt1 Ig. IdiidalN rf ohC r agmei~trts d byrouchnde gron ,r moertlyt casil Pea oven I. ge or~ oldei tr.n a
tohl 6 iai fiEYS NDY SIL, dryoandt firsow n sis ts ofa,. etill t.oo!h (7 AES OL. SAND CLAY, ltO redltdihbro

(2Sb) 117L IAp 1,1.!l 1.N5 1) htT bron, me h peroon c0lCY ,Ilt oootslo, d anv s -tron weoth theo addition The last t hr~ee fee M;ov covl atsg on a-rc nor fdm,
rat adoral mtril arie. fros . to aron.6 feeter thob frIgmtao, no~ ,.ri ]t:n rook e teotue dryt

...r tard fac fragment (P.C.).d i

3 ~~~ ~ ~ ~ ~ ~ E IAnEh PAYS()COLVU itGAEL SNYCA



ENGINEERING PAYS

56.0

Green grass on surface from 70-162 feeft 254-

-- - - - - - - - -54-- - -

Lho
52.0

0 1, ,X• 0 2.0

fr<

T •Jointng: N 77 E7 Vert N25W85A N 47 E:Vert N45 W, 61SW Jointing: N 10 W. 405SW
E-W, 57 48.0

a

' 54.04 a5

Q ---------------------52.0

"I-VIy urzvinofe -"J

osan0 

?o 

n 
_48,0

N 80 E, 27,NW Pronrent Joints: N7,E, 3ONW
Few thin quartz aveirs along sonme
joinf planes, shown diagronafolly.

110 12 13,0. _144

b

Green grass or surfac
fronm 193 fo 195 teat.

is
Vuggy quartsz • er offsef
along join,. 17 'C

to

, ,,,, 1 '...-(SI

1561W, ,7'..J 48.0 m
N4OW 27N

*/Z46.0

Had0nry rshrok

W
----- ,loe ISo

1
o'

-Jointing: N2 5W, 65 NE 17 / 1 244.0I553 E. Verficol - ~ 'a k~
N40W, 27NE 

s / ® AdlIN52 W, 675SW 
Hard, nearly fresh rock is

6 2 g42.0

180 90' 200' 20

iATION OF SYMBOLS

GRAPHIC SCALE

2' I' 0' 2' 4' 6' ' I0' C
,dLffyl.U IV SANDY CLAYS brown, sand ranges from fine to coarse, 6roloao oontavt,
oderatylaliiTr srcy: dry and firm to stiff, appears to

111051 ~ ~ ~ ~ h asiewsdeidfrmnrby materas Col be o deposiff fine grained stress alluviu. or a I soIl horizon developed Approximate geologic contact.
rom the underlying alluviu1.
L..IU I.. NDf CLAY, sottled Ight brywn and tan rounded Foliatitn.ravel parti a es are decoeposed with gue outlines, odertely DEPARTMENT OF THE A Ylastly fines, dry and firs to stiff. nusarous Irregular

""to in,.dy d freto tif, - ~ l~ SCRAMENTO DISTRICT, CORtPS OF ENGINEERtS|allh. streaks, consists of a highly eauthered C1 soil N 18%.2.,-- Strike and dip of foliation. SACUMAENTO, CALIFORNIAarlzon developed from the underlying parent alu iu. oo 00.1
LUIU I ORALLY SILTY SAND, light brownish sMARYSV LAKE PROJECT
Ireto coarse and aubang lar to rounded, scattered subanguler ti Spheroidally weathered structure. PARKS BAR ALTERNATEI .ell rounded gravel and cobbles to f inches in dismeter, 0 A1.0ase slit and Olaf in saterix, dry and dense to slightly oe- P.S. PA/des€tan c' tr, r,"do o 1 FAULT EVALUATION STUDYsntsd With osliahe, highly weathered aid stress deposit, .•neol
,Ssibly Pleistocene age or older., I R. J.oA:/LT-

111. 011 My 1.1 rdlh bow 'I lt1tr.:n!h . r,_,* •, LOG OF TRENCH 4F-413I22A1 SOIL SANOY Otbf, light reddish brown to light greenish suTr.
'!roanryan.. .t .onsoy lob a.. e a f de.o.po.ed .et.vo nc SO H WALL

edroak, contain. about 15% angular, fine to medium sand-naDyk f rageents, soattered esall angular gravel size ruock'uvo hsoA•AL ; U6obOso I .orn : vee
figeents, no ariginal roak teoture, dry to duep and fire to ,tifd, sxhibita prismatic cracks (Joirts upon desiccation. - , ouIw.[A S

AS SHOWN 0511

DONALD 4. O'SHEI ff1E No. YU-4-20-39
sva.y saoa Ia 1SHEETS ShEET NO.

39/6 to 39/11 39/9

1AFETY PAYS PLATE IX



VALUE ENGINEERING
N T6.5W

C

248.0

22

23

246.0@ 24 
1 -Arbitr-ry chanb e in description at 236 feet,

atf

a,

rn2420Z N4? , P NE4

N46/f1 ) ,tt77fS, / f t) )()(

W It4

W2 O. t...radlotioar~ harge fromnt It I t
z moderately to highly a ha- It m he dsa d hr da Ifu 14 rothermal.ft t ( ttl &

It ftItf ~ /(

238p I~jt t
M Minor water seepage at s

4o bottom of french fronm
2y218 -s243 teat.

2360(

2340C

232.O110'

220' 230 240 250

C

faul qFqB, he layis mdertel to ighy plsti, fagmetsabudantfi Aly bitsarem hn gate d epy ripte rions hat d 310Eee.

334

240.40

to 7u er y
t  

to 2 on to oftec Iniae h et

roc sottomdeael ofyndmdraey ohihy ethr

Jointingn:wathrinN4yllW , ihyatrdadhgl etee ok,7sft6oexeW e a f tw ftt foetf

3 d6 e Ar ofar chaftl In fes cit ionou t 310 fte.

1230 N S80E ) igtgenihgayt i, ~dr .80S . NWc is itlartonutir16

Noh y t d
0 

TV N C T t d k re

3Jointinos sNe6o
t842

(8) oderatelyOIC tto branlyswe ,tgred anlai grey, oertiey tolatedlu (it) NCA2C C Aggfloeradie rok, g ayi to green, ish grey.finne2)dTtL~i ih gaihgen let a

Iraond ox ite spta ined f ro undeathre pyith ie, 0 nglrt groued. asswith ore, en enaeysoft od er g catae phytrd c admer-*drtiyflaetsoneenio i ht

tattoo troOhioi coatingirothinoddlateitrneithered. __wethered_
(I) .821A.O~i.&A8J.02 (Sane as 8) slightly toedderatey foliatdqaaan teited aroyndues, rokirreglarajits wit sf ohdard.(k LY3Ai.lgttnt rosf nalf

dreddishad rok aloirooi to, demcovaritram.

'E I NSAFEY AY
? I f III

nitf lent 60uN sooieatrdfmcasoibaeesirad(t EA~Cf Sneal arsh it), Ifratt ?eteo.sihi 2st psonn sdfrtec nispn
Jontd 70 rees : contai nEst e-u Joynitng Nut ice7 foliated. I ? ? fI

rock~ soft to 77erts SEaf an ?oeseyt ihyn hrd
thetenlolsoto phroial rgeets atbeephtnene f it) ItEktL~ti~t lghtgren ithpache ofatne nd ronie Trno boto os no eosotedtorefssibybeoh0shearin en weaherng Feloc hLbotrdsdhgl ea ee ok ott ceT 5 e lcs

15denW t ly4W s4t t1000flitdi p 48etaotC.10

)t3) UET~CLCAiCS)3aa as ), tghtgree letgoa to an, ande- f
0
SE.rock aoinitinto:ushe it

adt EXPLANATI od iroYMidBcOL$ga

line) ell",CAiC (Oodti)a aithO CA IC (T) yellowis traun tog e nihg ayteenedT;1 ,1!ý j,11h Isodeatey t hihiwceehend ad sftend rately tot ad 2) fttO~f~ )tgftlne erate), grysjgoninte d grln de-! F, "f diiron7 otd tindte *oohod yie grouned. noe nih ean .' 'Illidy dlg.ce.1 pryicu'ngent
'Odelll a" of so rtro 3y inch. tol . at d inched inrd diaetek grderet tyan weatheredoendghlt Joiye fol is-a -ocdes lneca Jbnt .. 0 dook

redis brw c d ot. icge.

(0)(ffoat I g 'd:t'u o hrd,(11 SA FET PA Y



4GINEERING PAYS
8

248.0

.46.0

26 -?44.0

30

Q42.

/ ~ 1 244/.n3

14 It It
//It 14 It/ / i,

Jointing: N 4WI, 72sSW It , It it '(I® It .36.

2.34A)

932.0

260' 270' 280'

d

2380

402360D 236.02e 30

it a 42 2934.0 234.0 @03.
36 360

/ ,~(D /~ / 1.232.0 232.0 P 6

1' 300 !30.0 ý.

Jointing: N 69-EE I1E FUT4-49
N 2- W: N NE Altered, lamnaloted FUT4
N 14-W, 74- SW g226.0

226.0

330. 340'

CANICS. dih 8aihrefi.torogrnd, Geologic contact.

heed, dark greoren .. oo, highly up..oldally weathered. pr iat gel ic on c.
CANICS (t-ao...20), no plagloclase ph.oocryat. Apolaegolgccno6

PlSa tct, nc.dcmoe lyyrcam GRAPHIC SCALE
00c6 at 224 Ic 260 feet, 0ppe00 to consist of 2 1. 0' 2' 4' ' 6 0
nsed rock aoleng joi nts, scorns .,yoro 0m 0.1 to 0.3 ttOO tik nddp ftoitio

N0TES S -, phercidally weatheeed structurec. _____________________________________

62 along top of trench Indicate the center location of soM. 1
nere ..... foe teench aell uoppoet . DPRMN FTEAM
0as tot excavatad to refusal by backtoe (Ca- 6O06)SARMNODTICOPS FEGNES
6, ,:ceoo ARMNOCLFRI

PARKS PAY R PLATENATE
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VALUE ENGINEERING P

410.0

o0X ~ -- - Trip bar
Hard rock I -- - -........

406.C0

404.C0

4 02.()Ord 
lock

402QC

400.0

398.C too5' 20 40'

408.0

SFAULT AND SHEAR ZONE .. H
406.0

75BND IN TFRENCH BEIND IN TRENCH

BEN iNOENNBE N72-E 5 6

404.0 I

I 0
4020

400.00

4060

398.C 4F-5B

39. 615) 'lO.'~ FAULT or SHEAR

396.0 4F-5A, FAULTS 8 SHEARS ard-l highld beataser,

0910. 100 110' n tre ewe

410.. 410.0

404.Q II 404.0

4060O 406.0

4020. 4020.

1501 1610'
EXP-L-ANATION OF SYMRPLS

b OVERBURDEN _EDSROCK NOTES

(I) COLLilIUM I (Organic soil). Fracely ys Sand, tight brown .() NETAVOLCANICS (Aggiloerate), light grayish green to brconish uberrs I ho 1i olong top of trench cIdioate the center
su hangualtar essit griejnd ad-siz rcock fragments, tan. p o groandeess aith scattered to abundant sabengultr 12 s:ts of shcring used Her trench ell support.

loose and dry, non-cohesive, abundant grlss roots and other to subrounded fragments or pyrocl sts from about I to 8 Inchesorg, . material, varies from 0.1 to 0.3 foot in thickness, in di.meter, the pyro-tasts care from fine grained and porphy- Trench bottom ons ecavated to refusal by bacnhoe (Case I
ritic to asygdaloidal, the rock is soft to hard and Is slightly betwecn 80 and lit feet.(2) COLLUVIUM II (1topeoash), handy Si!t light brown to tight to highly weathered aith abundant spheroIdlt aethering, truc-

h n, about 2 fi3O omedico greined sand-sie tures, the rook ia highly Jointed aith 1/2 to 2 1/S i noh s;t- The cerbonized pine bark found betwoen 2k and 2S feet Inrook fragments, scattered aubrounded to subangular gravel-and ing. In ste areas the agglomerate may be intorbedded with soil tao believed to be contaminated becauee It oem tooaobbt-ioe rack fragments to 8 inches I.. diasrter, loose to taff. tedding attitude .as not determined. surface and therefore it was not carbon dated.
firs and dry, oories from about 0.2 to 2.3 feet in thickness.

(5) METAOILCANICS (Sane as 0). brownishotao to ton, soft tomoder- The direction of ovement culd not be determined for mll(3) RESIDUAL SOIL, S.ndf Clay, light brown to reddish brown, etely soft, highly oelthered to decomposed and altered, no
abundant suhongular sand-.si' rock fragments and scattered spheroidal aeathering structure.
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EXPLANATION OF SYMBOLS

R TERTIARY TO QUATERNARY

QT Sedimentary and volcanic deposits. Undifferentiated along the
western margin of the map; locally overlies metavolcanic bedrock.

JURASSIC TO CRETACEOUS

KJi Mesozoic intrusive igneous rocks. Includes variations of granite,
) granodiorite, tonalite, gabbro, diorite, and quartz.

UPPER JURASSIC

[ Ju Metasedimentary rocks (?). Possibly a schistose or gneissose
J contact migmatite on the northwest side of the Rocklin Pluton.

Jv Metavolcanic rocks. Chiefly metamorphosed basaltic to andesitic,
pillowed and non-pillowed flows and pyroclastics includingcrystal and lithic tuffs, and tuff breccias or agglomerates with

diabasic to dacitic dikes. Five groups of metavolcanic rocks
are described in the project area (plate III).

NOTES

Geologic contacts are generalized from the Geologic Map of
California, Sacramento Sheet (Strand and Koenig, 1965).
Geologic symbols used are from Clark, 1976. Only reconnaissance
geological mapping was done in some areas which are designated
"AREA NOT MAPPED".

Approximate geologic contact

Regional shear zone boundary

S~General location of lineament

-wl' Strike and dip of foliation

•es Strike and dip of dike

-'Strike of dike
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EXPLANATION OF SYMBOLS

TERTIARY TO QUATERNARY

I QT Sedimentary and volcanic deposits. Undifferentiated along the
, western margin of map; locally overlies metavolcanic bedrock.

JURASSIC TO CRETACEOUS
Mesozoic intrusive igneous rocks. Includes variations of

granite, granodiorite, tonalite, gabbro, diorite, and quartz.

IUPPER JURASSIC

Jv Metavolcanic rocks. Chiefly metamorphosed basaltic to andesitic,
pillowed and non-pillowed flows and pyroclastics including

- crystal and 1ithic tuffs, tuff breccias or agglomerates with
diabasic to dacitic dikes. Five groups of metavolcanic rocks
are described in the project area (Plate 111).

NOTES

Geologic contacts are generalized from the Geologic Map of
California, Chico Sheet (Burnett and Jennings, 1962). Most
geologic symbols used are from Clark, 1976. Only reconnaissance
geological mapping was done in some areas which are designated
"AREA NOT MAPPED".

The northernmost KJi body on this plate is massive quartz.

Approximate geologic contact

Regional shear zone boundary

.- • Inferred shear zone boundary

General location of lineament

.:°00 Area of abundant dikes

Altered rock zone

-V Strike and dip of foliation
75

5 Strike of vertical foliation

Strike and dip ot bedding

5 Strike and dip of joints

0 Strike and dip of dike

wh`A Strike of vertical dike
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EXPLANATION OF SYMBOLS
"* QUATERNARY

dt~ IDredge tailings'. Sand, gravel and cobbles from gold dredging.

,-al - Recent alluvium. Stream channel deposits.

TERTIARY TO QUATERNARY

QT Sedimentary and volcanic deposits. Undifferentiated along the
western margin of. map; locally overlies metavolcanic bedrock.

EliTc ITertiary gravels. Auriferous and non-auriferous gravel deposits
of uncertain age; locally includes volcanic pyroclastic rocks.

I T Tg ITerrace deposits. Gravel deposits of uncertain age adjacent to
the river channel; locally overlies the Eocene lone Formation.

JURASSIC TO CRETACEOUS
l KJi Mesozoic intrusive igneous rocks. Includes variations of

granite, granodiorite, tonalite, gabbro, diorite, and quartz.

UPPER JURASSIC
SJv Metavolcanic rocks. Chiefly metamorphosed basaltic to andesitic,

pillowed and non-pillowed flows and pyroclastics including crystal
and lithic tuffs, tuff breccias or agglomerates with diabasic to
dacitic dikes. Five groups of metavolcanic rocks are described' - the project area.

Group A consists of interlayered pyroxene andesite tuff
breccias, phyric to non-phyric, pillowed to non-pillowed
flows, pyroxene pumice tuff breccia with basaltic to quartz
dioritic dikes, finely laminated pyroclastic crystal andO 1lithic tuffs and pyroxene tuff breccia..
Group B (shear zone) primarily consists of actinolite, chlo-
rite, clinozoisite, epidote, quartz, calcite schist (green-
schist facies) derived from dynamothermally metamorphosed
mafic tuffaceous debris, pillowed to non-pillowed flows, com-
pacted and devitrified rhyolitic tuffs and tuff breccia or
agglomerate, intruded by pyroxene porphyritic and diabasic
dikes.
Group C consists of pillowed basaltic flows, flow breccia,
pyroclastic layered crystal and lithic tuffs and tuffO•) breccia or agglomerate.
Group D is a thick sequence of basaltic to andesitic, pil-
lowed to no'n-pillowed flows and flow breccias intercalated
with pillow breccias and layered tuffs cut by many diabasic
to felsic dikes. A gabbro diorite to quartz diorite igneous

Q body occurs inside Timbuctoo Bend..
Group E is essentially a sheeted dike complex consisting ofJJabout 70o% basaltic to felsicdikes which have intruded
pillowed flows, flow breccias and tuffs.

NOTES
The QT/Jv contact along the western side of the map is
eneralized from the Geologic Map of California, Chico Sheet

(Burnett and Jennings, 1962). Most of the geologic symbols
used are from Clark, 1976. Only reconnaissance geological
mapping was done in some areas which are designated "AREA
NOT MAPPED."

Geologic contacts between Groups A to E will be extended
later.

Approximate geologic contact

Regional shear zone boundary; ' inferredSof
General location of 1 ineament
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eneralized from the Geologic Map of California, Chico Sheet
Burnett and Jennings, 1962). Most of the geologic symbols

used are from Clark, 1976. Only reconnaissance geological.
mapping was done in some areas which are designated "AREA
NOT MAPPED."

Geologic contacts between Groups A to E will be extended
I ater

Approximate geologic contact

Regional shear zone boundary; S- J.aftinferred

General location of lineament

401 Generalized tombstone outcrops

427 Syncline showing troughline and direction of plunge

7 Anticline showing crestline and direction of plunge

Generalized strike and dip of undulating or wavy bedding

r Strike and dip of bedding; -45 approximate

4- Strike of vertical beds; e horizontal beds

. Strike and dip of dike; -A+O- vertical; .. 4 * trace
401
-V Strike and dip of foliation; . vertical foliation
75
- -Strike and dip of foliation within a shear
65
"w5 Strike and dip of joint; - vertical joint
85

070 Strike and dip of fault
Altered rock zone
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EXPLANATION OF SYMBOLS

TERTIARY TO QUATERNARY

QT Sedimentary and volcanic deposits. Undifferentiated along the
western margin of map; locally overlies metavolcanic bedrock.

Tc Tertiary gravels. Auriferous and non-auriferous gravel deposits
of uncertain age; locally includes volcanic pyroclastic'rocks.

JURASSIC TO CRETACEOUS

Mesozoic intrusive igneous rocks. Includes variations of granite,
granodiorite, tonal ite, gabbro, diorite, and quartz.

UPPER JURASSIC

'-,v Metavolcanic rocks. Chiefly metamorphosed basaltic to andesitic,
pillowed and non-pillowed flows and pyroclastics including
crystal and lithic tuffs, tuff breccias or agglomerates with
diabasic to dacitic dikes. Five groups of metavolcanic rocks
are described in the project area (Plate III).

NOTES

Geologic contacts are generalized from the Geologic Map of
California, Chico Sheet (Burnett and Jennings, 1962). Geologic
-symbols used are from Clark, 1976. Only reconnaissance
geological mapping was done in some areas which are designated
"AREA NOT MAPPED"
The Paynes Peak lineament continues southeastward from Stone
House but its location was not traced out in the field.

*The location of U.S.B.R. "Orange Avenue" trenches E to H, in the
Vicinity of the circle, is not available at this time.

Approximate geologic contact

Regional shear zone boundary; s inferred

General location of lineament

-,5 Strike and dip of bedding

'.- Strike and dip of overturned beds

SStrike and dip of dike

SV Strike and dip of foliation; 4 vertical foliation
75

S.f65Vr Strike and dip of foliation within a shear
65

"• Strike and dip of joint; --- vertical joint85 0 Strike and dip of fault

Altered rock zone

Location and orientation of ground cracks associated with
the I August 1975 Oroville earthquake and subsequent after-
shocks (Sherburne and Hauge, 1975)

•, •./'• Sheared rock zone
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EXPLANATION OF SYMBOLS

TERTIARY TO QUATERNARY

QT I Sedimentary and volcanic deposits. Undifferentiated along the
western margin of map; locally overlies .metavolcanic bedrock.

JURASSIC TO CRETACEOUS

Mesozoic intrusive igneous rocks. Includes variations of
granite, granodiorite, tonalite, gabbro, diorite, and quartz.

UPPER JURASSIC

Ju I Metasedimentary rocks. Monte de Oro Formation north of Oroville.

SJv Metavolcanic rocks. Chiefly metamorphosed basaltic to andesitic,
pillowed and non-pillowed flows and pyroclastics including
crystal and lithic tuffs, tuff breccias or agglomerates with
diabasic to dacitic dikes. Five groups of metavolcanic rocks
are described in the project area (Plate III).

NOTES

Geologic contacts are generalized from the Geologic Map of
California, Chico Sheet (Burnett and Jennings 1962). Most of

)I the Geologic symbols used are from Clark, 1976. Only
reconnaissance geological mapping was done in some areas which
are designated "AREA NOT MAPPED".

The three main lineaments extend northward from where they are
terminated on this map but they were not investigated for this
study.

Approximate geologic contact

S-Regional shear zone boundary

a. W Inferred shear zone boundary

General location of lineament

4Vo Generalized tombstone outcrops

' - Strike of dike

• Strike and dip of foliation; vertical foliation75

./-rf Strike and dip of foliation within a shear
65

-16" Strike and dip of bedding
55

0 Strike and dip of fault

04 Location and orientation of ground cracks associated
115 with the I August 1975 Oroville earthquake and sub -

sequent aftershocks (Sherburne and Hauge, 1975).
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